Many students with learning disabilities (LD) experience difficulties with extracting relationships from expository text, especially if they are implicit. Results from studies with K-12 participants have been inconclusive regarding the potency of the graphic organizer (GO) as a comprehension tool. This study attempted to address some of the concerns with GO research by examining the effects of using GOs with middle school students with LD to convey and cue relational knowledge, using a longer intervention and using written essays to assess the students' attainment of relational knowledge. The results lend support for using GOs with students with LD to gain relational knowledge from expository textbooks. When factual knowledge was assessed via multiple choice tests and quizzes, no differences were found between treatment and control conditions. As in other GO studies, both groups demonstrated attainment of facts and concepts. But when relational knowledge was assessed, the two groups responded differentially. On essays that required application, the GO group provided significantly more relational knowledge statements than students in the No GO group did. M any students with learning disabilities (LD) struggle to learn in content area classes, particularly when reading expository text. Content textbooks are often written in such a way that important connections and relationships are not made explicit (e.g., Armbruster & Anderson, 1988; Beck, McKeown, Hamilton, & Kucan, 1998) . Moreover, students with LD tend to be passive learners who lack skills for processing and organizing written and oral information (Bos & Vaughn, 1994; Lenz, Alley, & Schumaker, 1987; Torgesen, 1982) . Furthermore, these students experience difficulties with making inferences, understanding relationships and connections, distinguishing main ideas from insignificant details, and understanding the gist of a passage (Kameenui & Simmons, 1990; Oakhill & Patel, 1991) .
M
any students with learning disabilities (LD) struggle to learn in content area classes, particularly when reading expository text. Content textbooks are often written in such a way that important connections and relationships are not made explicit (e.g., Armbruster & Anderson, 1988; Beck, McKeown, Hamilton, & Kucan, 1998) . Moreover, students with LD tend to be passive learners who lack skills for processing and organizing written and oral information (Bos & Vaughn, 1994; Lenz, Alley, & Schumaker, 1987; Torgesen, 1982) . Furthermore, these students experience difficulties with making inferences, understanding relationships and connections, distinguishing main ideas from insignificant details, and understanding the gist of a passage (Kameenui & Simmons, 1990; Oakhill & Patel, 1991) .
In spite of these difficulties, content area teachers in Grades 4 through 12 typically do not instruct students in the comprehension process. Students are generally assigned chapters to read and comprehension questions to answer, with little instruction on how to decipher text structure and interpret information (Beck, McKeown, Hamilton, & Kucan, 1997; Durkin, 1978 Durkin, -1979 Gillespie & Rasinski, 1989) . However, not all levels of knowledge are equally important. Alexander, Schallert, and Hare (1991) proposed a framework that differentiated content, domain, and discipline knowledge. Content knowledge is the factual information that people gather formally or informally about the world around them. Domain knowledge makes concepts or principles a more formal part of a system of learning. Concepts or principles become discipline knowledge when understanding becomes more specialized.
Although the intent of instruction is for students to acquire domain knowledge in content area classes, the inclusion of an inordinate amount of content knowledge (factual information) in textbooks interferes with this goal. Too many facts and not enough explicit conceptual linkages appear to compromise the understanding of complex concepts and principles implicit within content area texts (Beck, McKeown, & Gromoll, 1989) . Students with LDand other students who struggle to understand relationships-need instruction that explicitly demonstrates the connectedness of domain knowledge (Alexander et al., 1991; Prawat, 1989) . It is not enough for students to acquire factual knowledge; they must also learn how concepts are connected or related to each other. Texts and teacher presentations must include explanations that connect subordinate concepts to superordinate concepts (Beck et al., 1989) .
Graphic organizers (GOs) are one method that might achieve what textbooks fail to do. Graphic organizers are visual portrayals or illustrations that depict relationships among the key concepts taken from the learning task (Hudson, Lignugaris-Kraft, & Miller, 1993; Moore & Readence, 1984) . They include labels that link concepts in VOLUME 35, NUMBER 4, JULY/AUGUST 2002 307 order to highlight relationships (Novak & Gowin, 1984) . Once these relationships are understood by a learner, that understanding can be referred to as relational knowledge, the term that will be used in this article. Logically, if the source of relational knowledge is structured and organized, it will be more accessible to the learner (Ausubel, 1968) .
For three decades, researchers have examined the effectiveness of GOs for aiding the comprehension of expository text for students with and without LD. Results from more than 45 studies conducted prior to 1990 and including college students as participants were inconclusive regarding the potency of the GO as a comprehension tool (Moore & Readence, 1984) . The empirical support for the use of GOs in K-12 classrooms is particularly mixed, though more positive in recent studies (e.g., Boyle & Weishaar, 1997) . However, the appeal of GOs and the intuitive sense that they ought to work has often overshadowed the question of their empirical efficacy, as evidenced by the abundance of curriculum materials published within the last 10 years (e.g., Bromley, Irwin-De Vitas, & Modlo, 1995; Hyerle, 1996; Lenz, Bulgren, Schumaker, Deshler, & Boudah, 1994) .
In three critiques, Dunston (1992) , Griffin and Tulbert (1995) , and Rice (1994) reviewed and assessed the GO literature and reaffirmed that questions remain about whether GOs work, with whom and how they work, and in which context. They offered several recommendations for substantiating the validity of GOs. In this article, we present a study that we believe addresses many of their concerns. Specifically, the purpose of this study was to determine if students with LD would acquire and retain relational knowledge if graphic organizers were used.
Background
As an outgrowth of Ausubel's (1968) research on advance organizers, a body of research evolved in the area of spatial learning strategies (Holley & Dansereau, 1984) . One such strategy, the use of graphic organizers, emerged as an instructional tool to facilitate the comprehension of content area material (e.g., Alvermann, 1981 Alvermann, , 1982 Armbruster, Anderson, & Meyer, 1989; Darch, Carnine, & Kameenui, 1986) .
Graphic organizers visually depict interrelationships of superordinate and subordinate ideas, using spatial arrangements, geometric shapes, lines, and arrows to portray the content structure and to demonstrate key relationships between concepts . GOs identify salient details in a passage and eliminate extraneous information that frequently distracts poor readers and students with LD from the most important content. As an adjunct aid designed to convey text structure to the learner, a GO highlights high-level knowledge embedded in the text and provides a foundation for comprehending the text (Bernard, 1990) .
Graphic organizers could be instrumental in addressing the problem of content area text comprehension by focusing on domain knowledge and making it more explicit. By supplying the learner with a visual representation of the underlying structure and the salient relationships within a given domain, GOs structure domain knowledge in a meaningful way and separate it from the inordinate number of facts contained in textbook material. In this way, students gain not only domain knowledge but also relational knowledge. According to Novak and Gowin (1984) , the GO is a powerful pedagogical tool because it allows students to visualize concepts and the hierarchical relationships between them.
Meta-Analysis
To identify the empirical basis for using GOs, Moore and Readence (1984) conducted a meta-analysis of GO research with nondisabled students. Twenty-three studies were included.
Although the analysis indicated that 3 were elementary-level studies, 15 were secondary-level, and 6 were universitylevel, Moore and Readence did not include a mean or median for length of treatment. However, they did report that treatments across the 23 studies lasted anywhere from 1 to 80 sessions. Student responses were measured by recognition and recall tasks.
Overall, 161 effect sizes were computed, and an average effect size of .22 was reported. However, effect size varied depending on the treatment or the criterion variables examined. For example, a large effect size of .57 was found when GOs were used after reading text, but a much smaller effect size was seen when GOs were presented before the task. Similarly, an effect size of .68 was obtained when the dependent measure was vocabulary; in contrast, when the test measured comprehension, the effect size was .29. Moreover, when the instructional focus was expository reading passages rather than overall course content, the effect size was .36. Moore and Readence (1984) also analyzed the 23 studies qualitatively. As a result, they noted that teachers who used GOs reported feeling more competent while leading students through content material. Furthermore, teachers perceived themselves as "being better organized, more in control of the learning activity, and more sensitive to the demands of the learning task" (p. 15).
Research Reviews and Critiques
Three major GO research reviews and critiques of using GOs with K-12 students have appeared in the literature in the last 10 years (Dunston, 1992; Griffin & Tulbert, 1995; Rice, 1994) . Many studies analyzed in these reviews overlapped with those used in the Moore and Readence (1984) meta-analysis. The literature base represented in these four articles includes studies that examined the following:
1. where the GO was used in the instructional sequence (i.e., before passage reading versus after passage reading; Alvermann, Boothby, & Wolfe, 1984; Barron & Stone, 1974; Simmons, Griffin, & Kameenui, 1988) ; 2. whether the GO was teacher constructed (Alvermann, 1981 (Alvermann, , 1982 (Alvermann, , 1988 Alvermann & Boothby, 1983 Barron & Schwartz, 1984) or student constructed (Barron & Stone, 1974; Bean, Singer, Sorter, & Frazee, 1986; Berkowitz, 1986; Horton, Lovitt, & Bergerud, 1990; Weisberg & Balajthy, 1989 , 1990 ; and 3. whether participants had no disabilities (Alvermann, 1988; Bean et al., 1986; Berkowitz, 1986; Griffin, Malone, & Kameenui, 1995; Hawk, 1986; Simmons et al., 1988; Troyer, 1994) or were diagnosed with LD Darch & Eaves, 1986; Griffin, Simmons, & Kameenui, 1991; Horton et al., 1990) .
Besides describing the types of studies conducted, several problems were highlighted, adding to questions regarding the efficacy of GOs. For example, Rice (1994) suggested that GO research is weak because operational criteria are inconsistent. Across studies, researchers have varied the discourse mode, the manner in which the GO is constructed and used (e.g., student vs. teacher constructed, time of instruction), and the type of outcome measures used (recall, multiple choice, etc.). Furthermore, Rice concluded that researchers have neglected to analyze the correspondence between GOs and the texts used. Rice contended that the structure of the GO should parallel the structure of the text from which it is derived. In conjunction, outcome measures should assess the text structures represented. Moreover, no clear set of cognitive constructs has been identified that accounts for how GOs assist readers in organizing conceptual information represented in text. Rice concluded that many GO studies lack specificity of administration procedures, thus making replication nearly impossible.
According to Griffin and Tulbert (1995) , several factors explain why the GO knowledge base has not culminated in clearer outcomes. First, researchers may not be examining the literature base carefully enough before proceeding with new experimental studies. Second, studies vary in the complexity of the GO used, from simple visual hierarchical diagrams to complex displays of graphics. As a result, experimental designs are polarized, with no clear trend evident for replication. Third, teaching procedures and dependent measures lack consistency. Fourth, many studies suffer from methodological flaws such as the lack of a control group, the manipulation of more than one independent variable, and procedures that favor GO treatment groups. Dunston (1992) argued that GO research is not always well defined theoretically. Many researchers have explained the efficacy of GOs by talking about schema theory, which suggests that our minds contain skeletal frameworks with slots for specific information. When faced with the complex principles implicit in passage reading, readers can guess at the information by using well-developed schemas for various concepts (prior knowledge). It is thought that GOs more quickly and effectively activate this prior knowledge. Dunston discussed the merits of schema theory and text structure for explaining the potency of GOs. Schema theory supports the notion that key concepts that are graphically displayed activate prior knowledge, thus providing a framework to which new knowledge can be attached.
Text structure also provides frameworks for remembering by organizing information in a particular way for a certain type of text. Students develop specific schemas for certain text structures with the help of GOs by seeing visually how the information in a particular text structure is organized. Dunston acknowledged that text structure is important in facilitating the construction of GOs. She thought that text structure offered a more satisfactory explanation of how GOs work than schema theory. Nevertheless, she proposed the encoding specificity principle (Tulving & Thomson, 1973) as an alternative theory to explain why GOs work. She pointed out that GOs might actually be serving as cues for encoding.
The encoding specificity principle suggests that in order to retrieve target information from memory, cues must be present during the encoding or learning process (e.g., graphic organizers potentially present cues for retrieval of target information). As a result, future GO research should focus on how GOs function during the encoding process and how they cue retrieval during testing. In other words, GO research should use the underlying constructs of the encoding specificity principle to explore the efficacy of GOs. A teacher might use a previously taught GO minus the text. Students would then rely on the structure of the GO to trigger the salient text information once taught but now omitted.
The analysis of earlier GO studies, which were published before we designed the present study, yielded additional limitations in interpreting the GO literature for the benefit of students with LD and confirmed some of the concerns mentioned in the three research reviews. First, few of the earlier GO studies used students with LD as participants. Second, all of the earlier studies conducted with students with LD employed short treatment intervals (2 to 12 days). Third, GOs theoretically provide a visual framework for domain knowledge, yet at the time we designed the study, no studies were found that used measures constructed to assess whether GOs enhanced relational knowledge (previous studies used multiple choice tests). Fourth, as far as we could tell, none of the earlier studies purposefully aligned the con-VOLUME 35, NUMBER 4, JULY/AUGUST 2002 309 tent of the text with the content of the GOs and the content of the teacher wording that accompanied the GOs.
Design
The present study examined the effects of using GOs to convey and cue relational knowledge. It also sought to extend the research base by employing a longer treatment period, by targeting middle school students with LD as participants, and by using measures that assessed the enhancement of relational knowledge. Most important, efforts were made to strictly align the content of the text, the wording in the teacher scripts, and the content in the graphic organizers.
A pretest-posttest control group design was used to investigate the effects of explicit instruction plus GOs on students' ability to gain and apply relational knowledge from social studies material. Students with LD were randomly assigned to treatment and control groups.
Method

Participants and Settings
Originally, participants were 26 students with LD enrolled in two middle schools in a moderately sized city in Oregon; one school was located in a low socioeconomic status (SES) area, the other one in a middle SES area. Eventually, 2 students were dropped from the study because of absence. Participants were chosen from three pullout resource room programs for students with mild disabilities. Participants met the following criteria:
1. They were identified as having LD under the 1986 Oregon administrative rules (i.e., severe discrepancy between achievement and intellectual ability in one or more of the following areas: oral expression, listening comprehension, written expression, basic reading skills, reading comprehension, mathematics calculation, or mathematics reasoning; Oregon Department of Education, 1986); 2. They were participants in special education programs; 3. They had an active Individualized Education Program (IEP) in reading; and 4. They had parent permission and gave their own permission to participate in the study.
It was not possible to obtain IQ scores; the district from which participants were chosen does not routinely administer IQ tests to students who demonstrate alternate evidence of average or above-average intelligence .
In each setting, participants were assigned randomly to two groups, resulting in six instructional groups; three assigned to the graphic organizer (GO; treatment) condition, and three to the no graphic organizer (No GO; control) condition. The participants were assigned randomly to condition.
After 2 students were dropped from the analysis, the GO group included 12 students: 1 eighth grader, 3 seventh graders, and 8 sixth graders, with a mean age of 13.5 years. These participants were all White; 2 were girls and 10 were boys. Participants in the No GO condition included 12 students: 2 eighth graders, 5 seventh graders, and 5 sixth graders, with a mean age of 13.5 years. Two of these participants were girls, 10 were boys; 1 participant was African American, the remaining were White.
To assess group equivalence, four measures were used. The Word Identification and Word Attack subtests of the Woodcock Reading Mastery TestRevised, Form H (Woodcock, 1987) , were administered to determine word reading skills and to ascertain the comparability of the two groups. On the Word Identification subtest, the standard scores for the GO group students ranged from 95 to 101 (M = 99.42; SD = 1.51); for the No GO condition, the standard scores ranged from 99 to 100 (M = 99.67; SD = 0.49). On the Word Attack subtest, standard scores for the GO group ranged from 99 to 101 (M = 100.08; SD = 0.52); standard scores for the No GO group ranged from 100 to 140 (M = 103.42; SD = 11.52).
A 20-item multiple choice pretest was administered to determine the participants' knowledge regarding the content to be covered in the ensuing instruction and to examine group comparability. Exclusion criteria included extensive prior knowledge of the target content (more than 12 items correct); however, no participants were excluded for this reason. The internal consistency of the measure was calculated using the Kuder-Richardson-20 formula for individual test items. A reliability coefficient of .76 indicated that individual items on the test produced similar patterns of responding in different participants, thus confirming that the test items were homogeneous and reliable. Mean pretest raw scores on the 20-item test were 6.08 (SD = 2.47; range = 2-10) for the GO condition and 4.25 (SD = 2.96; range = 1-12) for the No GO condition.
A pretest writing sample was used to assess the participants' general writing abilities and specific relational knowledge prior to instruction and, again, to determine group comparability. Students in the two groups wrote comparably. GO group students wrote from 0 to 76 words (M = 29.58; SD = 28.89). The No GO group students wrote from 0 to 79 words (M = 27.33; SD = 22.48). The number of relational knowledge statements included in their writing samples ranged from 0 to 2 (M = 1.00; SD = .95) for the GO group students and from 0 to 3 (M = 1.50; SD = .90) for the No GO group students. No students in either group demonstrated prior knowledge of relationships unique to the content about to be studied (e.g., "Because of the assembly line, more cars were made," or "When it costs less to make products, the price goes down"). Instead, many students in each group showed a general understanding that technology changed modern life, changed how things were made, and lowered costs.
The two groups were not significantly different on scores from the four pretest measures, thus establishing group equivalence before the study began. To control for experimental mortality and to ensure continuity of instruction, students who missed school were given catch-up lessons, sometimes in their homes. A total of nine catch-up lessons were conducted for six students. Because of absences of more than 10 days each, two students in the GO condition could not be maintained even with catch-up lessons, and they were dropped from the data analysis. Table 1 summarizes the information regarding the 24 participants who completed the study.
Instructional Procedures
Participants received instruction for a period of 4 weeks (20 school days). Instructional sessions were conducted during regular reading periods in the special education resource rooms in the two schools. Both schools' daily schedule included seven 40-minute periods. Participants were taught during the first, second, and fourth periods. Within each period, students were randomly assigned to the two conditions. For students from each resource room, the GO group and the No GO group were taught in separate but comparable classrooms that were familiar to the students. Neither the schedule nor the settings favored either condition.
Instructors
Six instructors were involved in this study. All six instructors had extensive training in direct instruction methodology, and all but two had several years of experience teaching special education students in public school settings. The remaining two had 1 year of experience.
To control for teacher effects, particularly because of the differences in experience, instructors were counterbalanced across conditions. They were rotated between two groups at the same school for the same class period each time a new graphic organizer was introduced. Instructors rotated five times during the 20 days. Instructors were trained to use teaching scripts during a 2 1 ⁄2-hour training session. The first author modeled one lesson for each condition.
Materials
The content used was selected from Chapters 42 and 43 in America! America! (Buggey, Danzer, Mitsakos, & Risinger, 1977 ), a middle school social studies textbook. The two chapters were divided into logical segments or units of thought. A unit of thought contained content that was centered on a single theme, concept, or focal idea (Tindal & Marston, 1990) . Each lesson was limited to the facts, concepts, and relationships for one unit of thought. Corresponding relational knowledge statements, both implicit and explicit, were identified for inclusion in graphic organizers for the GO condition and in teacher wording for both conditions. Examples of relational knowledge statements included, 1. Technology changed American life from the way it was; 2. Flying machines led to flights across the Atlantic Ocean; 3. Because of the assembly line and mass production, more products were made at lower prices; 4. Before the Great Crash, many people engaged in wild speculation and, as stock prices rose higher, more and more people invested; and 5. When supply is up and demand is down, prices go down.
Graphic Organizers. GOs were developed for each unit of thought. They were designed to make implied relationships more explicit and to cue rela- (Engelmann & Carnine, 1982) . The cells were juxtaposed to show relationships between concepts extracted from the textbook. The main concept was placed in a large geometric shape (e.g., a large rectangle), whereas supporting details were placed in smaller geometric shapes (e.g., small rectangles) subordinate to the main idea. Lines and arrows drawn between the shapes were used to denote connections and relationships (see Figure 1 ).
Instructional Scripts. Scripts were used for each lesson to ensure instructional consistency across all groups. Scripts for both groups contained the same explicit relationship statements. The only difference between scripts for the two conditions was the specific wording for teaching the GO, which focused students' attention on the cells in the organizer (e.g., "Look at your graphic organizer on Technology in the 1920s"; "Everyone read the words in Box K that tell what happened when new businesses were created"). Furthermore, the importance of the connections represented by the GO was emphasized in the teaching script (e.g., "The lines and arrows tell you how information is related or connected"; "Box C is pointing to Box B because the rule tells you automobiles were cheaper to buy").
Instruction
Because the posttest measure of greatest importance involved counting the frequency of relational statements in written essays, which would have favored the GO group, it was important to teach the control group the same relational content as the treatment group. Using a no-treatment control group would have established a research design that favored the GO group from the beginning. Therefore, every opportunity was afforded the control group to learn the content and relational knowledge that would be tested throughout the study, with the exception of using GOs or any other visual display of relational knowledge. We were striving for a design that would put the GOs to a truer test of their effects on retention and recall than we had seen in studies that used only multiple choice tests.
Summary Writing. Because students wrote very little in the pretest writing sample (approximately 25 words), the use of writing samples as a dependent measure was jeopardized. Therefore, students in both conditions were taught how to write summaries. Summary writing was taught for a 20-minute segment during Lessons 2 through 7, using the following strategy adapted from Sheinker and Sheinker (1989): 1. list the key points, 2. combine the points that go together, 3. number points into a logical order, 4. reread the list in order, and 5. write the numbered points into paragraphs.
Students were taught through a model, prompt, and check lesson design. For FIGURE 1. Example of graphic organizer used during instruction.
the remainder of the study, each time a summary writing activity occurred, students were prompted to use the steps they had learned by referring to a handout called Steps for Writing a Summary. Following oral reading of each unit of thought, students wrote summaries of what they had read.
Instructional Lessons. The 40-minute lessons were designed to provide intensive instruction. In the special education literature, this term is frequently used without being defined. However, the results of this study make it necessary to be clearer about what is meant. Intensive instruction, as described by Torgesen (1998) , involves the following:
1. more things taught directly by the teacher, 2. more time given to teaching a thing, 3. a reduced student/teacher ratio, and 4. sufficient opportunities to practice each thing taught.
In this study, intensive instruction focused on the direct teaching of vocabulary meanings and difficult-todecode words, strategy instruction for writing summaries, and carefully structured scaffolding for reading text and answering comprehension questions. Many special educators seem to agree that students with LD need intensive instructional packages in order to demonstrate not only a statistical difference in scores but an educationally meaningful difference between pre-and posttest scores (e.g., Hallahan, 1998; Juel, 1996; Rashotte, Torgesen, & Wagner, 1997; Torgesen, 1998; Vaughn & Schumm, 1996) . In these lessons, we were aiming for success for both groups, as judged by their ability to read the text material; comprehension at the word, sentence, and paragraph levels; mastery of content; adequate summary writing; and recall, retention, and demonstration of acquiring relational knowledge. In each lesson, instructors spent 5 to 10 minutes teaching vocabulary and difficult-to-decode words prior to their appearance in target passages. On the days that the students were beginning a new chapter, instructors led students in previewing the chapter content using a strategy developed by Archer and Gleason (1990) . Steps in this strategy include reading the title of the chapter and the introduction, the headings and subheadings, the chapter summary, and the chapter questions at the end. This activity took 12 to 15 minutes on two occasions.
Each day, students took turns at orally reading target passages for about 10 minutes. If decoding errors occurred at any phase of instruction, corrective feedback was provided. The correct word was pronounced, and the students repeated the word.
During the oral reading, the instructor also asked scripted literal and inferential comprehension questions. If students failed to answer these comprehension questions, the relevant parts of the passage were reread and the questions were repeated. If answers were still not forthcoming, the teacher provided the answers and explanations.
Following the oral reading, the teacher spent about 20 minutes making relationships that were implied in the passages more explicit with students in both conditions. In the GO condition, relationships were made more explicit visually as well as verbally; in the No GO condition, verbally only. Not every activity described occurred every day, so the amounts of time given add up to more than 40 minutes.
Graphic Organizer Instruction.
Following the advice of Moore and Readence (1984) , GOs were used as a postreading activity. After each unit of thought was read, students in the GO condition received direct instruction using a GO that focused explicitly on the relationships for that unit of thought. The GO was shown on an overhead projector while instructors verbally stated the relationships contained in the organizer. Furthermore, instructors pointed to specific cells as they spoke. Instructors first modeled and then guided the students through the information in each cell of the GO, eliciting individual or unison responses. When prompted by the instructors, the students filled in empty cells on their own copies of a partially completed GO. Partially completed GOs were used to maintain active student engagement and to facilitate recall of the information presented (Engelmann & Carnine, 1982) . After presenting the individual cells, the instructors provided a cumulative review of the complete organizer. To facilitate retention, additional reviews of each GO also occurred in subsequent lessons.
No Graphic Organizer Instruction.
Students in the No GO condition received instruction identical to that of students in the GO condition, except that GOs were not used. During the time that students in the GO condition were introduced to a GO, students in the No GO condition received instruction using practices common to social studies classrooms (Codding, 1995) . Teachers and students participated in a guided discussion that focused on the material relevant to the unit of thought that was read. During the guided discussion, the relational knowledge statements heard by the GO group students were verbally stated to the No GO group students, but without the visual cues. These students completed a guided notesheet, but information was never graphically organized. For example, during the unit that emphasized the effects of the assembly line and mass production, students in the No GO condition examined pictures of Henry Ford's first assembly line. They heard statements and took notes regarding the relationships among the assembly line, mass production, and the decrease in cost of automobiles. Following the discussion, the students engaged in a hands-on activity. They formed an assembly line and produced a paper product (e.g., one person stacked three sheets of paper together, the next folded the sheets into thirds, the next student clipped the folded sheets, and the last person stacked the final products). In other lessons, they completed crossword puzzles, simulated Lindbergh's flight using a globe, and performed other practice activities related to the content being studied.
Observers.
To check for instructional fidelity, four observers were trained to monitor lessons and record whether instructors omitted or added wording beyond the scripted material. Observers were counterbalanced across observations to control for possible bias. No observer monitored the same instructor more than twice. Each instructor was observed four times during the study. During the lessons, observers followed lesson scripts and indicated any deviations that instructors made from the script. Observations were random and unannounced to instructors. Following each observation, instructors were given feedback by the experimenter consisting of a review of the script and reinforcement for following the script as written. No significant deviations were observed.
Instruments
Intervention effects were determined using the following three dependent measures:
1. content knowledge multiple choice test (pretest, posttest); 2. eight content knowledge fact quizzes; and 3. two domain knowledge essays.
The purpose of these measures was to determine the extent to which the presence of GOs facilitated the students' retention and recall of content knowledge or the student's application of relational knowledge learned from the text and from teacher presentations by visually cueing that relational knowledge. Varying the measures across content and domain knowledge provided an opportunity to examine whether the type of measure made a difference in whether effects were observed.
Content Knowledge Multiple
Choice Test. A 20-item content knowledge multiple choice test assessed knowledge of facts, concepts, and principles contained in the text. Answers required students to reiterate, apply, or predict specific information (Williams & Haladyna, 1982) . For example, students were asked to choose one answer for each of the following:
1. Three years after the Crash, Alternate forms of the content knowledge measure were administered at pretest and at posttest. Procedures for the administration of both tests were identical; scripts were used to ensure administration consistency across groups. The instructors read test directions aloud twice. Students were given 20 minutes per test to complete the 20-item tests.
Content Knowledge Fact Quizzes.
Eight fact quizzes were administered to assess the students' comprehension and retention of factual content knowledge. Each quiz consisted of five multiple choice questions administered on the day following the relevant reading. The two chapters used for the study were divided into four sections each. Quiz items were randomly selected from a pool of facts extracted from these chapter sections. The following items represent the types of factual questions used: 
Domain Knowledge Essays.
Two essay prompts were designed to ascertain the degree to which students retained, recalled, and used domain knowledge. One prompt was administered after 7 days of instruction; the other after 20 days of instruction. Each essay prompt consisted of a contentoriented written prompt that required an explanatory response. Essay 1 focused on the influence of technology, specifically the assembly line, and on the development of the Model T and the effects of its mass production on the economy in the 1920s. Essay 2 addressed the causes and effects of the Stock Market Crash of 1929 (see Appendix for the two prompts).
Essay prompts were administered in a standardized fashion using a script to ensure that procedures were consistent across all six instructional groups. Initially, all students were given 5 minutes to independently review the material associated with the prompted content. Students in the GO condition were prompted to review the relevant GOs. Students in the No GO condition used more traditional review material, such as notes, a section of a chapter, or a crossword puzzle.
Following the 5-minute review period, students were told they had 20 minutes to respond to the prompt. Students were encouraged to use the Steps for Writing a Summary to help organize 314 their thoughts. Instructors read the prompt aloud two times to ensure student understanding of the prompt; the students followed along on their copies of the prompt. At the end of 20 minutes, student papers were collected and read immediately by the instructors for legibility. The instructors asked students to clarify any words that were not legible.
Scoring of Measures
Objective Measures. Two independent scorers evaluated the pretest and posttest multiple choice measures using an answer key. Correct responses received 1 point, whereas incorrect responses received no credit. Interscorer reliability for both tests was 1.00.
Fact quizzes were administered and scored by the instructors. The instructors were given a key for each quiz. One point was given for each correct response; no credit was given for an incorrect response. The first author then rescored each group of quizzes. No disagreements were noted.
Written Measures. Three separate scoring procedures were used for the written measures (pre-and posttest writing samples, Essays 1 and 2). They included counting the number of words written, counting the relational knowledge statements made by individuals, and tabulating the frequencies of relational knowledge statements by condition.
Number of Words Written. All writing samples were retyped, and the spelling was corrected. Words were counted using the word count feature of a word processing program.
Relational Knowledge Statements.
We were particularly interested in comparing GO and No GO group students' ability to state relationships learned from the content. Therefore, relevant relational knowledge statements were counted. For example, Essay 1 concerned the following principles implied by the text about Henry Ford, the invention of the assembly line, and the growing popularity of the Model T:
Technology that results in mass production yields larger quantities of products made in less time and with cheaper costs. The production of larger quantities with cheaper costs leads to the sale of products at reduced costs. Reduced costs result in more products being bought.
Some of the relevant relational knowledge statements aligned with this principle are, 1. When products are made on an assembly line, more products are made. 2. When more products are made, they are cheaper to buy. 3. When products are cheaper to buy, more people buy them.
Irrelevant statements usually fell into one of two categories: factual statements rather than relational knowledge statements, and relational knowledge statements that were erroneous. Examples of irrelevant statements made by students in Essay 1 included, 1. Radio was also invented. 2. Henry Ford was the first man to make a Model T. 3. The price of the Model T lowered because gas cost a lot.
Relevant relational knowledge statements were identified by examining their alignment with explicit or implied principles present in the text. To ascertain whether students' essays contained an understanding of the relationships between concepts, the number of relational knowledge statements was identified. The first step in the scoring procedure was to determine the universe of statements by reading all student essays and identifying relevant relational knowledge statements.
The second step in the scoring procedure was to determine whether the statements found in the students' writing samples were based on the information taught verbally, contained in the text, or reinforced in the graphic organizers. (See Table 2 for the full list of relational knowledge statements found in students' writing and verified by presence in the instructional scripts, text, and graphic organizers.)
The third step in the scoring procedure was to train the scorers. Two scorers were trained in the relationship scoring procedure. During the training, five essays were scored to establish reliability. The interscorer reliability for the five essays was 1.00. After reliability had been established, the remaining essays were scored independently. Interscorer reliability for Essays 1 and 2 was .93 and .85, respectively. When disagreements occurred, the score was arrived at through discussion between the two scorers.
The writing sample pretests were also scored for relationships in order to demonstrate the equivalency of the groups before the study began. The interscorer reliability for the pretests was .89. The writing sample posttests served only to confirm that the students were writing more words by the end of the study than on the pretest. Originally, the posttest was going to be scored for relational knowledge statements as well, but because the prompt cued general knowledge and not domain knowledge, the data were not meaningful.
Frequency Counts. Frequency counts of relational knowledge statements were tabulated separately for each group for the writing sample pretest and for the two essays. For each relational knowledge statement in Table 2 , the number of responses made by anyone in the group was tallied. The two authors tabulated results, with an interscorer reliability of 1.00.
Results
The purpose of this study was to investigate whether higher student performance on domain knowledge measures would result from explicit instruction with GOs. Objective and written measures provided assessment of students' content and domain knowledge.
The results from all measures were analyzed to compare the two conditions on each measure (multiple choice tests, writing samples, fact quizzes, essays). Analyses were completed with Statview 4.51 (Abacus Concepts, 1995) on a Macintosh™ microcomputer. The alpha level was established at a .05 level of significance. All assumptions of homogeneity were met.
Objective Measures
Students' comprehension of the factual material covered was assessed with content knowledge multiple choice tests and fact quizzes.
Content Knowledge Multiple
Choice Tests. The content knowledge multiple choice test was designed to assess the participants' knowledge of specific facts and concepts contained in the social studies material read. A twoway Condition × Test ANOVA with repeated measures was performed on the pre-and posttest scores. The analysis revealed no interaction, F(1, 22) = .753, p = .3949, and no main effect for condition, F(1, 22) = 1.313, p = .2641. However, a main effect for time of test was indicated, F(1, 22) = 184.783, p < .0001. Follow-up analyses showed that the participants in both groups had significantly higher posttest scores ( p < .0001). On the 20-item test, the No GO group improved from a mean of 4.25 (22%) to a mean of 12.58 (63%), and the GO group improved from a mean of 6.08 (30%) to a mean of 13.42 (67%).
Content Knowledge Fact Quizzes.
Fact quizzes were administered to compare the two groups' performance and ongoing comprehension of factual material read in the social studies text. A two-way Condition × Test ANOVA with repeated measures was conducted.
The fact quizzes required students to answer factual multiple choice questions about content read in the target passages. No interaction, F(7, 154) = .388, p = .909, and no main effect for condition were found, F(1, 22) = .039, p = .8461, indicating that on measures of factual information collapsed over time, participants in both conditions performed similarly. However, a main effect occurred for time of test, F(7, 22) = 3.801, p = .0008. The two groups combined experienced significant differences among quiz scores. However, the two lowest scores for both groups and the highest score for both groups were all on the same Note. GO = graphic organizer trained group; No GO = group not trained on graphic organizer. 316 quizzes, indicating a possible relationship between the level of difficulty of the material and the scores on a specific quiz. Moreover, two of the highest quiz scores were on early quizzes, Quiz 2 and Quiz 3. In the final analysis, quiz scores seemed to vary by difficulty and not by time of test (see Table 3 ).
Written Measures
Written measures were administered to assess the equivalence of general writing abilities and the students' application of domain knowledge (knowledge taught) in their written essays. All written measures were first scored for the number of words written. Table 4 ). The writing of more words on essays and on the posttest compared to the pretest indicated that the students benefited from the summary writing instruction regardless of condition. Both groups wrote significantly more words on the posttest than they did on the pretest.
Relational Knowledge Statements: Essays 1 and 2. Relational knowledge statements were assessed in order to determine whether students' essays contained an understanding of the relationships between concepts and whether those relationships had been explicit or implicit in the text they read. Essays 1 and 2 contained information that was concerned with domain knowledge that had been directly taught.
A two-way Condition × Test ANOVA with repeated measures was used to compare relational knowledge statements in both groups' essays. Essays 1 and 2 served as the repeated measure. There was no significant interaction, F(1, 22) = 1.405, p = .2486, but a main effect for condition was found, F(1, 22) = 15.467, p = .0007. The results of a Scheffé post hoc analysis revealed that students in the GO group had significantly more relational knowledge statements (p = .0007) than students in the No GO group on Essays 1 and 2 combined, indicating that the students who received explicit instruction plus graphic organizers recalled more relationships than the students who received explicit instruction only. The No GO group made an average of 2.54 statements (SD = 1.56) on Essays 1 and 2. In comparison, the GO group made an average of 4.33 statements (SD = 2.08) on the two essays. There was no main effect for test, F(1, 22) = .044, p = .8362.
Relational Knowledge Statements: Frequency Counts. Table 2 presents the frequency of relational knowledge statements by condition on the pretest and on Essay 1. The No GO group began by making a total of 18 statements in their pretest essay and then made a total of 34 statements in their Essay 1. The GO group made 12 statements on the pretest essay and a total of 47 statements in their Essay 1. Statements included in the students' essays that related, for example, to "cars now made on the assembly line," or "when more products are made at one time, they are cheaper to buy" were tallied in the respective row and under the respective column. The tallies of specific statements for Essay 2 are not shown because they consisted of an entirely new set of relational knowledge statements. On Essay 2, the No GO group included a total of 27 relational knowledge statements in their essays, with a mean of 2.25 (SD = 1.96) per student and a median of 2, whereas the GO group made a total of 57 statements, with a mean of 4.75 (SD = 1.42) per student and a median of 5.
Before this study, the students with LD made very few relational knowledge statements in their essays. In fact, at the time of the pretest writing sample, only 1 of the 24 students in the study made three relational knowledge statements in one essay. During the study, students in both groups began making more relational knowledge statements than they had in pretest essays, but students in the GO group made many more. On Essay 1, 7 of the 12 No GO group students (58%) provided three or four relational knowledge statements individually, whereas 9 of the 12 GO group students (75%) provided anywhere from three to nine statements. On Essay 2, 4 of the 12 No GO group students (33%) included three to six statements, compared to 11 of the 12 GO group students (92%), who included three to six statements individually.
In summary, the frequency of relational knowledge statements between the two groups was minimally differ- Note. Highest score possible on each quiz = 5. GO = graphic organizer trained group; No GO = group not trained on graphic organizer. ent on pretest, somewhat different on Essay 1, favoring the GO group, and significantly greater for the GO group on Essay 2, which was completed after 20 days of instruction.
Discussion
The results of this study support four conclusions regarding the use of graphic organizers to teach relational knowledge to students with LD. First, the results lend support to the use of GOs to aid students with LD in their recall of relational knowledge. On domain knowledge measures, students in the GO group provided more relational knowledge statements than students in the No GO group did. Moreoever, the positive effect of the GO instruction was nearly universal. By the second essay, 11 of the 12 GO group students included three to six relational knowledge statements in their individual essays, with 8 of them providing five or six statements. In comparison, 4 of the 12 No GO group students provided three to six statements, with only 2 of them providing five or six statements.
In spite of the significantly different performance of the GO group on the written essays, the GOs did not seem to aid the students in recalling factual information of the type included in the fact quizzes. However, this has never been the primary intent of GOs. The exclusive use of factual tests in previous studies created a misalignment between the assessment, the instructional goal, and the theoretical underpinnings of the instructional method. When the sole goal of instruction is to assist students in the recall of factual information rather than relational knowledge, teachers should choose a method other than GO training or couple the use of GOs with verbal rehearsal strategies that promote memorization (Gleason & Archer, 2001) .
Second, students with LD benefited from a longer treatment than had previously been used. After 7 days of instruction, students in the GO group wrote significantly more relational knowledge statements than students in the No GO group (47 versus 34), but that difference was not as impressive as the difference after 20 days of instruction (57 vs. 27) .
Third, the nature of the measures used to assess the effects of GOs made a difference in the evaluation of the outcomes. When general content knowledge was assessed via multiple choice tests and quizzes, no differences were found between the conditions. As in other GO studies, both groups demonstrated the attainment of factual knowledge, although not at levels denoting mastery. However, when students were asked to write essays in order to assess their domain knowledge, the two groups responded differentially. The essay prompts were deliberately constructed to retrieve relational knowledge if it was in the students' repertoire. It appeared that the GOs acted as cues for this retrieval better than any methods that the No GO group had experienced. The GO group students were able to retain and recall significantly more relational knowledge and to apply this knowledge by responding to the application prompts with relevant statements. Yet this difference between conditions would not have been observed if the study had used only multiple choice tests, fact quizzes, and general writing samples.
Fourth, middle school students with LD responded to a treatment that was more intensive and more explicitly aligned than treatments in previous studies. In this study, the content of the text was carefully coordinated with the content of the graphic organizers and the content of the teacher wording. Furthermore, instruction was intensive, including GOs that visually depicted relationships, strategies to facilitate decoding and comprehension of text, teacher verbalization of relational knowledge statements, and direct teaching of how to write summaries of what was learned. Yet the control condition also received all components of the intensive instruction provided to the GO group except the graphic organizers. In spite of the amount of instruction that the control group received, we were able to measure differences between the groups' responses. For the GO group students, the GOs and the accompanying teacher wording provided enough cues for retrieval Note. At posttest, some of the students were still writing at the end of the 20-minute time limit. GO = graphic organizer trained group; No GO = group not trained on graphic organizer.
